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Materials for light-induced water splitting: In situ controlled surface preparation of GaPN epilayers grown lattice-matched on Si(100) Conversion of sunlight into electric energy in solar cells nowadays reliably reaches photovoltaic (PV) efficiencies of about 20% at commercially available roof-mounted modules and world-record efficiencies above 44% were already demonstrated in the laboratory for terrestrial concentrator PV solar cells. 1, 2 Energy storage and renewable fuel production, however, remain the key challenges to gain independence from fossil fuels and intermittent irradiation. Photoelectrolysis of water converts sunlight into chemical energy, stored in bonds of molecular hydrogen, which can also be further converted into renewable fuels such as methanol or synthetic hydrocarbons. 3 In search for optimum materials for light-induced unassisted water splitting, both bulk and surface properties are crucial: the bulk has to provide a suitable bandgap, adequate absorption, and charge carrier transport, whereas the surface needs to exhibit proper energy band alignment, promote carrier transport to the liquid, and remain stable. In particular, the band alignment of GaP(100) is suitable for both direct hydrogen 4 and oxygen evolution, while the indirect, large bandgap reduces the absorption efficiency. 5 Tandem approaches, in contrast, promise high solar-to-hydrogen efficiencies, with a maximum for 1 eV bandgap bottom cells, 6, 7 which favors silicon as active substrate. Thin GaP epilayers free of anti-phase disorder can be grown pseudomorphic with in situ control on double-stepped Si(100) substrates in metalorganic vapor phase epitaxy (MOVPE). [8] [9] [10] Already small amounts of nitrogen incorporation enable latticematched growth of GaP 0.98 N 0.02 on Si(100) with suitable bandgaps for direct photoelectrolysis 6 and increased stability towards the electrolyte. 11 Applying in situ reflection anisotropy spectroscopy (RAS), we recently showed that the formation of the interface between GaP(100) and water depends highly on the atomic structure of the GaP surface prior to exposure. 12 RA spectra of P-rich and Ga-rich GaP(100) surfaces are well-understood both in theory 13, 14 and experiment, [15] [16] [17] which enables precise in situ control during MOVPE preparation. Pseudomorphic GaP/Si(100) surfaces can be prepared analogously to GaP(100) regarding atomic order. 10 Though in situ control is even more important during growth of ternary compounds, to our knowledge RAS has not yet been applied to study the influence of nitrogen during GaPN/Si(100) growth and surface preparation.
In this article, we compile the band alignment of III-V/IV heterostructures relative to the redox potential of water and suggest a photochemical diode based on dilute nitride GaPN grown lattice-matched on Si(100) for efficient light-induced water splitting. We compare the MOVPEpreparation as well as in situ RA spectra of group-V-rich and Ga-rich GaPN/Si(100) surfaces to established GaP/Si(100) processing. Regarding atomic order and cleanliness, we benchmark the in situ spectra to low energy electron diffraction (LEED) as well as x-ray photoelectron spectroscopy (XPS) after contamination-free transfer 18 to ultrahigh vacuum (UHV) and apply high-resolution x-ray diffraction (XRD) as a measure for the nitrogen incorporation into the GaP bulk.
II. EXPERIMENTAL
Samples were prepared in an AIX-200 horizontal MOVPE reactor modified with a dedicated UHV-transfer system. 18 Pd-purified H 2 was used as process gas and temperatures were measured with a thermocouple placed inside the susceptor. The whole process was monitored in situ with a LayTec EpiRAS-200 spectrometer aligned so that
where rðkÞ denotes the complex index of reflection. 19 RAS measures the difference in reflection along two mutually perpendicular crystal axes applying linearly polarized light in near-normal incidence geometry. Spectral features contain complex information of anisotropic transitions in the electronic structure of the probed sample. Understanding these features generally requires benchmarking by complementary, suitable characterization techniques or theoretical calculations. For optically isotropic crystals, which show no bulk contributions to the signal, characteristic peaks can often be related to certain surface reconstructions and terminations, in particular for dimerized (100) surfaces of cubic crystals. 19 A baseline accounting for contributions of the optical components was subtracted from all spectra shown here.
For the MOVPE in situ studies, we compare a GaP/Si(100) reference with GaPN/GaP/Si(100) samples. Growth parameters for all GaPN/GaP/Si(100) samples were identical, while the subsequent surface preparation was varied. We aimed at an identical total thickness of the III-V epilayers to minimize interference effects in the optical spectra. In all cases, almost single-domain, (1 Â 2)-reconstructed Si(100) substrates with 2 misorientation towards [011] were prepared as in Ref. 8 prior to pulsed GaP nucleation and GaP growth using the precursors tertbutylphosphine (TBP) and triethylgallium (TEGa). The growth time was 70 s for the GaP/Si(100) reference sample and 34 s for the GaPN/GaP/Si(100) samples. Both GaP layers were prepared P-rich 10 and for the GaPN/GaP/Si(100) samples, GaPN was subsequently grown for 34 s at 595 C using 1,1-dimethylhydrazine (UDMH) at UDMH:TBP and TBP:TEGa ratios of 1.4 and 13, respectively, aiming at about 2% N incorporation for lattice-matching to Si. At first, both group V precursors were offered during cooling after GaPN growth to stabilize the surface prior to annealing for preparation of the ð2 Â 2Þ= cð4 Â 2Þ reconstructed surface in analogy to P-rich GaP/Si(100). 10 The samples were transferred to UHV, where XPS (Specs Focus 500 and Phoibos 100) and LEED (Specs ErLEED 100-A) were accessible via a mobile UHV shuttle in order to check the atomic order at the surface and the cleanliness. Both samples were then transferred back into the MOVPE reactor, where the ð2 Â 4Þ reconstructed Ga-rich surfaces were prepared with RAS in situ control by annealing in hydrogen at 700 C without precursor supply. 10 Subsequently, the samples were again measured by LEED and XPS. A second set of GaPN/GaP/Si(100) samples were prepared similarly, but without UDMH supply during cooling after GaPN growth prior to ð2 Â 2Þ=cð4 Â 2Þ surface preparation. High-resolution XRD was measured using a Panalytical X'PertPro diffractometer.
III. GaPN/Si-BASED PHOTOCHEMICAL DIODE
State of the art electrolysers, currently tested in the field for use in sustainable hydrogen production, are mostly dark electrolysers, which are powered by external power supply, efficient only at large scale, and involve non-abundant metals and catalysts. Multijunction approaches for direct, "wireless" photoelectrolysis aim at combining absorption of sunlight and unbiased water splitting into one single device, as pioneered already in the 1980s 20 and demonstrated for Si triple junction cells. 21, 22 Such a device differs from "standard" solar cells in many ways: (1) Given the redox potential of 1.23 eV and required overpotentials, generation of a minimum photovoltage of about 1.8 V is necessary to split water. 23 Tandem devices are feasible to achieve both high absorption and necessary voltage. 6, 7 (2) Water is not necessarily split at a solar cell's maximum power point. Stacking more junctions to increase the photovoltage far above 1.8 V is, therefore, not useful. (3) At the semiconductor-liquid interface, conduction and valence bands need to be aligned in a way that the redox potential is located within the band gap and carrier transport into the electrolyte is promoted. The semiconductor-liquid interface may serve as Schottky-like contact to separate generated charge carriers. (4) (Photo-) Corrosion in the liquid must be minimized.
In Ref. 6 , we calculated ideal tandem PV efficiencies within the current-matched Shockley-Queisser limit and pointed out that the bandgaps of Si as a bottom cell and GaP 0.98 N 0.02 as a lattice-matched top cell, 1.12 and 1.95 eV, respectively, are close to optimum. While adding As into a quaternary GaPNAs material would further decrease the bandgap of the top cell and thereby increase absorption efficiency, 6 actual losses in the photovoltage of a tandem device must be considered additionally, so that GaP 0.98 N 0.02 /Si(100) with a total gap of about 3 eV is feasible for water splitting operation regarding sufficient voltage supply. 24 Besides adequate bandgaps, the band alignment relative to the redox potential of water is of importance to split water. As an update of the work by Tiwari and Frank, 25 we estimated the band offsets of various III-V semiconductors, Ge and Si as well as their ternary respectively binary compounds in Fig. 1 . The values are a compilation of the lattice constants, bandgaps, valence band offsets (VBO), and bowing parameters given by Vurgaftman et al. 26 for the III-V compounds and for Si and Ge by Tiwari and Frank. 25 We assumed that the lattice constants of ternary III-Vs and binary SiGe follow Vegard's law. 31 For the bandgap E g and VBO of a compound of two materials A; B (with a fraction x of B), bowing in the form
has to be considered, 32 where n is either E g or the VBO and b the according bowing parameter. The conduction band offset (CBO) is then given by CBO ¼ E g þ VBO. For Ge, we assumed an average Ge/GaAs offset from Ref. 27 and kept the alignment of Si wrt. Ge from Ref. 25 . To include the redox potential of water, we transformed the band offsets relative to vacuum scale using the electron affinity of InP of 4.38 eV given in Ref. 29 . The work function of the H 2 /H 2 O potential against vacuum scale 30 is assumed to lie in the order of 4.7 eV with the O 2 /H 2 O potential 1.23 eV below that value. For III-V-N alloys, E g is highly reduced already by small nitrogen incorporation 33 as can be described by the band anticrossing (BAC) model. 34, 35 The BAC model assumes changes only in the conduction band, so that we applied the values tabulated by Vurgaftman and Meyer 28 to the CBO of GaPN only. It should be noted that Fig. 1 contains experimental values from different sources and can only give a rough idea of the relative band alignment since doping, band bending, strain and different interface formations will have an influence that is not taken into account here. Fig. 1 shows that both oxygen and hydrogen evolution should be possible with GaP(N), while uncoated Si could evolve hydrogen only. To promote efficient transport to the liquid via band bending at the semiconductor-liquid interface, where the charge carriers are separated, hydrogen should be evolved at the p-doped semiconductor side and oxygen at the n-doped side. This design, generally referred to as photochemical diode, 36 significantly simplifies the device structure as the need for charge separation at p-n junctions is omitted. The band alignment in Fig. 1 suggests hydrogen evolution at a p-Si photocathode and an oxygen evolving photoanode at the n-GaPN side of a tandem photochemical diode interconnected with a tunnel junction. With an appropriate, pinhole-free protective layer such as Ni/NiO x that protects the underlying Si, 37 one could also imagine a reversed configuration with n-Si as photoanode and p-GaPN as photocathode. These two options for a tandem configuration enable more flexibility in the design of an appropriate tunnel junction, which might be included in the GaP nucleation buffer between the two subdiodes. A third, more conventional, hybrid approach could be the growth of the GaPN subdiode on a Si photovoltaic cell, providing bias for the water splitting reaction. As the monolithic stack has to be illuminated from the side with the larger band gap, the Si photovoltaic back side could be covered with an intransparent ohmic contact and a metal electrode, similar to previous III-V water splitting tandem realizations.
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IV. GaPN/Si(100) SURFACE PREPARATION
In Ref. 12 , we showed that the initial formation of the GaP-water interface is strongly dependent on the atomic order at the GaP surface prior to water adsorption. In the following, we will discuss the MOVPE-preparation of GaPN/GaP/Si(100) surfaces in comparison to that of established GaP(100) respectively GaP/Si(100) surfaces. In principle, two well-defined surface reconstructions of GaP(100) can be prepared in MOVPE-ambient:
15,16 a "Ga-rich" (2 Â 4) reconstructed surface-formed by mixed P-Ga dimers on top of a layer of Ga dimers-and a "P-rich" p(2 Â 2)/c(4 Â 2) reconstructed surface. The latter consists of buckled P-dimers stabilized by one hydrogen atom per dimer and is also referred to as "(2 Â 1)-like." 13 Identical surface preparation may be applied to GaP/Si(100) surfaces. 10 In order to avoid P desorption from the surface at temperatures Tտ 480 C, the surface is commonly stabilized by TBP supply during cooling after growth. Excess phosphorous and precursor residuals then desorb during the annealing step at 420 C leading to formation of the well-ordered P-rich surface. 10 The Ga-rich surface is prepared by further annealing at 700 C.
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A. Ga-rich surface Fig. 2(a) compares RA spectra of GaP/Si(100) and GaPN/GaP/Si(100) samples after Ga-rich preparation. The total GaP(N) film thickness for both samples is about 40 nm to minimize the difference in interference contributions to the spectra. 40 The minimum around 2.3 eV of the GaPN/GaP/Si(100) sample, which stems from the dimerized surface reconstruction, is blue-shifted about 50 meV with respect to GaP/Si(100) and about 1 RAS unit less intense. While both spectra match well at the maximum around 3 eV and beyond 3.9 eV, the lineshape around the E 1 transition is different (highlighted in yellow). A decreased amplitude of the minimum peak around 2.3 eV could be caused by both excess nitrogen (resp. precursor residuals) on the surface, a disordering effect by nitrogen incorporated into the surface or different anti-phase domain contents. 41 Anti-phase disorder as the origin of the reduced RAS peak intensity is unlikely, since we prepared almost single-domain Si(100) surfaces 8 prior to III-V growth and small residual anti-phase domains will annihilate during GaP growth. Accordingly, the LEED patterns in Figs. 2(b) and 2(c) show the ð2 Â 4Þ diffraction pattern expected for Ga-rich GaP(100) without signs of a mutually perpendicular structure. The spots and especially the streaks along [011], however, are slightly brighter for the GaP/Si(100) sample ( Fig. 2(b) ) than for the GaPN/GaP/Si(100) sample (Fig. 2(c) ), which could be caused by the incorporated N or excess atoms at the surface. Regarding the latter, we could not detect carbon (as signature of precursors residuals) on the GaPN/GaP/Si(100) surface with XPS so that excess nitrogen seems more likely. Furthermore, slight differences in the film thickness or modified interference modulation due to the GaPN/GaP interface 40 might influence the lineshape of the peak. In contrast, higher absorption beyond the E 1 transition will hinder interference. Fig. 3(a) displays the transmission factor expðÀ4p d j kÞ of the Lambert-Beer law, Iðd; kÞ ¼ I 0 expðÀ4p d j = kÞ (where I is the fraction of incident light with intensity I 0 transmitted through a medium of thickness d with an imaginary part j of the index of refraction), for GaP at room temperature (j from data tabulated by Jellison 42 ). For a 40 nm thick, heteroepitaxially grown GaP film, a fraction less than 5% of the incoming light reaches the heterointerface (Fig. 3(a) , dashed orange line) and-even if reflected 100% at the heterointerface-will be absorbed in the GaP film after internal reflection (Fig. 3(a) , violet line). This was also observed during thickness dependent GaP growth on Si(100). 40 Therefore, we assume that interference caused by the GaP/Si(100) heterointerface is negligible here for the discussion of features in the RA spectra around and beyond the E 1 transition. Interpreting spectral features at the E 1 transition as caused by surface modified bulk transitions, the different lineshape around 3.5 eV probably is a signature of nitrogen incorporation into the GaP bulk. Fig. 3(b) depicts the difference of the GaPN/GaP/Si(100) and GaP/Si(100) spectra shown in Fig. 2 for Ga-rich preparation,
A peak-like structure located around E 1 , similar to those observed for the linear electro-optic effect in GaAs, 43 with a higher energetic shoulder is observed. We found that this feature exhibits a correlation to the amount of incorporated nitrogen, which is part of ongoing investigations.
The annealing step at 700 C during Ga-rich preparation might, in principle, also lead to N depletion in the GaPN film. To check the nitrogen content, we performed XRD measurements on both samples. Fig. 4 shows the x=2h scan   FIG. 2. (a) RA spectra of Ga-rich GaP/Si(100) (blue line) and GaPN/GaP/Si(100) (black line) measured at 310 C. The difference between the spectra at E 1 (yellow area) is shown in detail in Fig. 3(b) . Dashed gray lines indicate the critical point energies of GaP. 39 The inset sketches the (2 Â 4) surface reconstruction of Ga-rich GaP(100). LEED pattern of (b) the Ga-rich GaP/Si(100) surface and (c) the GaPN/GaP/Si(100) surface from (a) after transfer to UHV. (100) and GaPN/GaP/Si(100) relative to x of Si(400). The fit yields the thicknesses indicated in the insets and a N content of 2.2% in the GaPN epilayer. Arrows indicate the peak positions for Si(400) and pseudomorphic, not-relaxed GaP(400). 44 and according fits relative to the Si(400) peak position of the substrate. Reciprocal space map measurements (not shown here) indicate that the GaP film is almost completely strained. Fitting the thickness fringes accordingly yields a GaP film thickness of about 39 nm as expected for the growth parameters used here. 40 The diffractogram of the GaPN/GaP/Si(100) sample can be fitted with good agreement yielding about 17 nm GaPN with 2.2% of nitrogen and a GaP buffer thickness of about 16 nm. Nitrogen thus seems not to desorb remarkably from the bulk of the GaPN film, which is in line with Ref. 45 where sticking limited N incorporation is found for GaPN.
Since XRD (Fig. 4) probes mainly the bulk, we applied XPS as a complementary method mainly sensitive to the surface nitrogen concentration. Monochromated Ag L a X-rays (h ¼ 2984:3 eV) were used because, in contrast to Al K a , the Ga LMM Auger lines are not superimposed to the N 1s photoemission line. The intensity of this source is, however, almost two orders of magnitude lower than the typically employed monochromated Al K a source. Together with the nitrogen content of only x % 0:02 and the low cross-section of N 1s, this results in a relatively noisy signal when compared to Al K a . We prepared a sample with higher N content and characterized it with XPS at first after V-rich preparation and a second time after Ga-rich preparation. The N 1s emission (inset of Fig. 5 ) does not decrease, further emphasizing that nitrogen is not lost during the annealing steps for the according surface preparation.
B. Group-V-rich surface
Nitrogen is incorporated inefficiently into GaP 45 so that UDMH:TPB ratios in the order of 1 are necessary to incorporate few percents of nitrogen. Fig. 6(a) compares the RA spectra of GaP/Si(100) (blue line) and GaPN/GaP/Si(100) (black line) measured at 310 C after group-V-rich surface preparation including group-V stabilization after growth and annealing without precursor supply at 420 C and 470 C, respectively (the identical samples that were later prepared Ga-rich, see Fig. 2 ). After annealing at 420 C without precursor supply, the intensity of the maximum around the E 1 transition of the GaPN/GaP/Si(100) was decreased drastically compared to GaP/Si(100) (not shown here). Further annealing at 470 C leads to an increasing signal but still a factor of 1.7 less amplitude than the spectrum of the GaP/Si(100) surface (cf. gray line in Fig. 6(a) ), i.e., significantly less than in the according Ga-rich case. The peak position is shifted about 70 meV towards blue. Again, both excess nitrogen (resp. precursor residuals) on the surface, an disordering effect by nitrogen incorporated into the surface and different anti-phase domain contents 41 could, in principle, lead to the decreased amplitude. The latter is unlikely due to the increased amplitude after annealing at 470 C respectively Ga-rich preparation (cf. Fig. 2 ) and can be ruled out after contamination-free transfer to UHV: the LEED patterns of both samples, Figs. 6(b) and 6(c) respectively, show single-domain (2 Â 1)-like diffraction patterns with a spot at half-order only along ½0 11 direction-as was also expected for growth on almost single-domain Si(100) substrates. 8 The spots and, in particular, the streaks along ½0 11, which are related to the c(4 Â 2)-like order of buckled dimers and their flipping at room temperature, 46 are less pronounced at the C. Dashed gray lines indicate the critical point energies of GaP. 39 The inset sketches the p(2 Â 2) surface reconstruction of P-rich GaP(100). LEED pattern of (b) the P-rich GaP/Si(100) surface and (c) the GaPN/GaP/Si(100) surface from (a) after transfer to UHV.
GaPN/GaP/Si(100) surface compared to GaP/Si(100). This could once more be related to excess nitrogen or UDMH residuals adsorbed on the surface during stabilization. An implication of excess atoms at the surface could be that P-H bonds at the P-dimers are not as well ordered as for the P-rich GaP(100). The minimum in the RA spectrum of P-rich GaP(100) at about 2.3 eV originates in anisotropic transitions between surface states related to these P-H bonds. 13 The RA spectrum of the GaPN/GaP/Si(100) surface in Fig. 6 differs significantly at that minimum. Compared to GaP/Si(100), the peak is more symmetric, shifted about 200 meV towards the E 0 transition and less intense. This behaviour is similar to P-rich GaP(100) after water adsorption-probably modifying the P-H bonds-and subsequent annealing in nitrogen, 12 where the peak shape of P-rich GaP(100) could only be restored when offering hydrogen to the surface. In XPS, we could not detect carbon (as signature of UDMH precursor residuals, see Fig. 5 ) on the GaPN/GaP/Si(100) surface so that excess nitrogen seems to be the origin of changes on the surface here. Since both spectra differ less after Ga-rich preparation, a pure interference effect caused by the GaPN/GaP heterointerface or the slightly different total film thickness is unlikely.
Annealing temperatures above 470 C in order to prepare atomically well-defined group-V-rich GaPN(100) surfaces seem feasible since annealing at 700 C does not lead to N depletion in the GaPN epilayer but to rather well-defined Garich surfaces. Regarding group-V-rich preparation, temperatures above 490 C are, however, critical since P can desorb from the surface. 10 Therefore, we omitted UDMH stabilization after growth while cooling with TBP supply only. Fig. 7 compares the RA spectrum of GaPN/GaP/Si(100) (green line), prepared analogously as in Fig. 6 despite cooling with only TBP supply and subsequent annealing at 420 C to desorb excess P, with the spectra shown in Fig. 6(a) . The amplitude of the GaPN/GaP/Si(100) spectrum matches now almost that of GaP/Si(100) and the shift of the minimum peak is drastically decreased (note that after 20 nm of GaP, the difference in anti-phase concentration of both GaPN/GaP/Si(100) samples was only about 5% according to a semi-empirical approach 47 ). The lineshape, however, is broader respectively more symmetric. The dRA spectrum (grey line) indicates a contribution at about the E 0 transition. While this could, in principle, be caused by interference, it seems likely that either a N-modified bulk transition close to E 0 or the influence of nitrogen on the anisotropic surface state transition of P-rich GaP(100) causes this contribution. The growth of samples with different GaPN epilayer thicknesses and comparison to growth on GaP(100) could clarify this point in future studies. The shift of the maximum close to E 1 is hardly reduced by the changed surface preparation, which indicates again a bulk-like contribution to the spectrum caused by nitrogen incorporation. The incorporated nitrogen could modify the E 1 bulk transition-as observed in the Ga-rich case-and thereby influence the surface modification of this transition to which the maximum of the P-rich GaP(100) RAS signal is ascribed. In agreement with the shift of the peak position, the dRA spectrum (highlighted in yellow) shows a derivative-like structure. This feature is superimposed by a peak-like structure at about E 1 similar to that observed for the Ga-rich surface in Fig. 3 . Accordingly, this feature seems not to be related to a specific surface reconstruction supporting the interpretation as a bulk-like N contribution. The LEED pattern (inset Fig. 7 ) clearly shows the ð2 Â 1Þ-like reconstruction with both spots and streaks as bright as for P-rich GaP/Si(100) (inset Fig. 6(b) ), indicating a well-ordered surface terminated with buckled dimers.
V. CONCLUSION
We compiled band offsets in III-V/IV heterostructures and proposed a photochemical diode based on a GaP 0.98 N 0.02 /Si(100) tandem with bandgaps close to optimum and band alignment suitable for direct photoelectrolysis. The atomic order at surfaces of GaP(100) is known to have great impact on the initial interface formation to water. 12 In order to grow smooth GaPN epilayers and to prepare well-defined surfaces similar to those of GaP(100), we monitored the entire growth procedures in situ with RAS. Stabilization with UDMH after GaPN growth leads to excess nitrogen at the surface. A subsequent annealing step which is established for desorption of excess phosphorous of the (2 Â 2)/c(4 Â 2) reconstructed GaP/Si(100) surface is not sufficient to remove surplus N. Annealing at higher temperatures leads to the Ga-rich GaPN/Si(100) surface and RAS signals of similar amplitude compared to GaP/Si(100). XPS and XRD showed that nitrogen is not desorbing from the GaPN epilayer considerably during the annealing procedure. The V-rich GaPN/Si(100) surface can be prepared when UDMH is switched off simultaneously with TEGa after epilayer growth. The P-dimer related minimum in the RA spectrum of P-rich GaP(100) is broadened at V-rich FIG. 7 . RA spectra of P-rich GaP/Si(100) and GaPN/GaP/Si(100) from Fig. 6 and GaPN/GaP/Si(100) annealed at 420 C after cooling with TBP supply only (black line), all measured at 310 C. The difference between the spectra at E 1 is highlighted in yellow. Dashed gray lines indicate the critical point energies of GaP. 39 The inset shows the LEED pattern of GaPN/GaP/Si(100) cooled with TBP supply only.
GaPN/Si(100) surfaces, which is probably caused by nitrogen at the surface layers or a modified E 0 transition of GaP. RA spectra of both Ga-rich and V-rich GaPN/Si(100) surfaces contain an additional contribution around the E 1 interband transition of GaP, which is believed to relate to nitrogen incorporation into the GaP bulk. The origin of this feature in the in situ RAS signals is in focus of ongoing investigations.
